vir , indicating n ≈ −0.7 for a scale-free power spectrum of the primordial density fluctuations. We discuss the possible reasons for the conflict with the predictions by typical CDM models such as SCDM, LCDM and OCDM.
Introduction
High-resolution simulations of structure formation have suggested that the virialized dark matter halos with masses spanning several orders of magnitude should follow a universal density profile (Navarro, Frenk & White 1995; NFW) ρ(r) = ρ s (r/r s )(1 + r/r s ) 2 ,
where ρ s and r s are the characteristic density and length, respectively. The former is further related to the characteristic density δ c and the critical density ρ c = (3H 2 0 /8πG)Z(z) of the Universe at redshift z through ρ s = δ c ρ c , in which Z(z) = (1 + z) 3 (Ω M /Ω M (z)), and Ω M is the cosmic density parameter. Although the NFW profile was first obtained in the SCDM model, subsequent numerical studies have shown that this density profile is independent of mass, initial density fluctuation or cosmology (e.g. Cole & Lacey 1996; Navarro, Frenk & White 1997; Eke, Navarro & Frenk 1998; Jing 1999; etc.) . The two free parameters in NFW profile can be determined from the halo concentration c = r vir /r s and the virial mass M vir if the overdensity of the dark matter with respect to the average value is ∆ c , 
It has been well established based on numerical simulations that there exists a good correlation between the halo concentration c (or the characteristic density δ c ) and the virial mass M vir for any particular cosmology (e.g. Navarro, Frenk & White 1996 , 1997 Salvador-Solé, Solanes & Manrique 1998; etc.) . or as large as M vir = 10 15 M ⊙ , there is no reason to believe that these results would not be valid for halos which are one order of magnitude lower or higher in mass (Burkert & Silk 1999 ).
On the other hand, observationally we can only measure the distribution of baryonic matter rather than that of dark halo. It is crucial to link numerical predictions with astronomical observations. In a fully virialized system, the distribution and motion of baryonic matter can be determined by the underlying gravitational potential of the dark halo, if the velocity dispersion or temperature profile can be well measured. It is thus possible to work out the dynamical properties of the dark matter halo such as M vir , r s , r vir , c or δ c from the observed distribution of luminous matter in a gravitationally bound system. This will eventually allow us to examine observationally whether there is a correlation between c (or δ c ) and M vir . Finally, a comparison of the observationally determined and numerically simulated c-M vir (or δ c -M vir ) correlations may provide a useful way to distinguish different cosmological models. In this Letter, we will make an attempt for the first time to derive the c-M vir and δ c -M vir correlations on cluster scales by fitting the observed X-ray surface brightness profiles of clusters to those predicted by the NFW profile as the cluster dark halos under the assumption of isothermality. Note that there is a striking similarity between the distribution of intracluster gas tracing the dark halo of the NFW potential and the conventional β model. Makino, Sasaki & Suto (1998) have explicitly shown that the NFW profile via isothermal hydrostatic equilibrium results in an analytic form of gas distribution
in which α = 4πGµm p ρ s r 2 s /kT , and µ = 0.585 denotes the mean molecular weight. Briefly, our task is to determine the best-fit parameters of α and r s for an ensemble of X-ray clusters in terms of eq. (4), and then derive the relevant parameters ρ s and δ c in conjunction with the X-ray temperature T . Finally, we examine the c-M vir and δ c -M vir correlations by solving eqs. (2) and (3).
Sample
Essentially, we select our cluster sample from two ROSAT PSPC cluster catalogs: the 36 high-luminosity clusters by Ettori & Fabian (1999; EF) and the 45 nearby clusters by Mohr, Mathiesen & Evrard (1999; MME) . The EF clusters have high X-ray luminosity
45 erg s −1 , and a great fraction of them also have relatively high redshift z ≈ 0.1-0.3.
The best-fit values of α and r s for all the 36 EF clusters have been given by EF for a cosmological model of H 0 = 50 km s −1 Mpc −1 and Ω M = 1. A conversion of r s into the values in different cosmological models should be properly made, if needed. The MME clusters are taken from an X-ray flux limited sample, and thereby located at relatively small redshift. We perform the χ 2 fit of the observed X-ray surface brightness profiles of the MME clusters to the theoretical prediction S x ∝ n 2 gas dℓ according to thermal bremsstrahlung, where the integral is made along the line of sight. A cross-identification reveals that 16 clusters are listed in both samples, for which our fitted values of α and r s are fairly consistent with those obtained by EF. We further require that the X-ray temperature should be observationally available, and we take the temperature data from Wu, Xue & Fang (1999; and references therein) . The finally merged EF and MME sample to be used in our following analysis contains 63 clusters.
We confine ourselves to a flat cosmological model with Ω M + Ω Λ = 1. In this case, the density contrast depends on the value of Ω M and can be approximated by (Eke et al. 1998 Note that for the EF clusters we have not accounted for the uncertainties arising from the fitted parameters of α and r s since EF provided no information about their error estimates.
The results for a set of cosmological models are listed in Table 1 Although ODRPACK can simultaneously account for the scatters around M vir and c (or δ c ), the goodness of the fit has not been improved for our problem in the sense that the reduced χ 2 for both c-M vir and δ c -M vir relations are significantly larger than those obtained using the χ 2 fitting method along with Monte-Carlo simulations. In Table 1 we have also given the power index for a scale-free power spectrum of initial density fluctuations implied by our best-fit δ c -M vir relation: δ c ∝ M −(n+3)/2 vir (NFW), which yields n ≈ −0.7.
EDITOR: PLACE FIGURE 1 HERE.
Discussion and conclusions
In a virialized system, the distribution and motion of galaxies and intracluster gas (if their self-gravity is negligible) are determined by the underlying gravitational potential of the dark matter halo, provided that the velocity dispersion and temperature profiles are well measured. Therefore, one can probe the dynamical properties of the dark matter halo, though it is invisible, by using optical/X-ray observations coupled with the hydrostatic equilibrium hypothesis. In this Letter, we have made an attempt to derive the halo concentration c, the characteristic density δ c and the virial mass M vir for galaxy clusters characterized by the NFW profile from the observed distribution and temperature of X-ray of the X-ray data points in Fig.1) , the above conflict may imply that we should abandon at least one of our working hypotheses: (1)Intracluster gas is in hydrostatic equilibrium;
(2)Intracluster gas has isothermal temperature profile; (3)The self-gravity of intracluster gas is considerably small as compared with the contribution of the dark matter halo;
(4)The NFW profile provides a precise description of the dark matter distribution. Yet, further investigations should be made towards a robust constraint on the c-M vir and δ c -M vir relations before we come to a detailed study of the possible reasons for the reported discrepancy.
We note from Table 1 that our best-fit c-M vir and δ c -M vir relations and the constraints on n are roughly independent of the cosmological models (Ω m and Ω Λ ). This property will be significant for distinguishing different cosmological models when combined with high-resolution numerical simulations.
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